Structure-based mutational analysis of the 4'-phosphopantetheinyl transferases Sfp from Bacillus subtilis: carrier protein recognition and reaction mechanism.
The activation of apo-peptidyl carrier proteins (PCPs) of nonribosomal peptide synthetases (NRPSs), apo-acyl carrier proteins (ACPs) of polyketide synthases (PKSs), and fatty acid synthases (FASs) to their active holo form is accomplished with dedicated 4'-phosphopantetheinyl transferases (PPTases). They catalyze the transfer of the essential prosthetic group 4'-phosphopantetheine (4'-Ppant) from coenzyme A (CoA) to a highly conserved serine residue in all PCPs and ACPs. PPTases, based on sequence and substrate specifity, have been classified into three types: bacterial holo-acyl carrier protein synthase (AcpS), fatty acid synthase of eukaryotes (FAS2) and Sfp, a PPTase of secondary metabolism. The recently solved crystal structures of AcpS and Sfp-type PPTases with CoA revealed a common alpha + beta-fold with a beta(1)alpha(3)beta(2) motif and similarities in CoA binding and polymerization mode. However, it was not possible to discern neither the PCP binding region of Sfp nor the priming reaction mechanism from the Sfp-CoA cocrystal. In this work, we provide a model for the reaction mechanism based on mutational analysis of Sfp that suggests a reaction mechanism in which the highly conserved E151 deprotonates the hydroxyl group of the invariant serine of PCP. That, in turn, acts as a nucleophile to attack the beta-phosphate of CoA. The Sfp mutants K112, E117, and K120 further revealed that the loop region between beta4 and alpha5 (residues T111-S124) in Sfp is the PCP binding region. Also, residues T44, K75, S89, H90, D107, E109, E151, and K155 that have been shown in the Sfp-CoA cocrystal structure to coordinate CoA are now all confirmed by mutational and biochemical analysis.